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Abstract 
Induction motors are widely used in industry and many other fields due to its robustness, reliability, low price and 
free maintenance. Control of an induction motor is a complicated task because of the unknown disturbances and the 
uncertainty. This paper presents a fuzzy differential flatness-based controller for induction motor vector control 
system. The flatness-based approach uses the characterization of system dynamics to generate a suitable output and it 
can control continuous nonlinear systems with good performances in term of tracking trajectory. Fuzzy logic is used 
to eliminate the effects of the time-varying nonlinear system. Simulation results shown that the fuzzy flatness based 
control scheme can improve the control performance effectively. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Induction motors are the most frequently used machines in various electrical drives. About 70% of all
industrial loads on a utility are represented by induction motors [1]. The control task is further 
complicated by the fact that induction motors are subject to unknown disturbances and the parameters are 
of great uncertainty. We are faced then with the challenging problem of controlling a highly nonlinear 
system, with unknown time-varying parameters, where the regulated output, besides being unmeasurable, 
is perturbed by an unknown additive signal [2]. 
The issue of controlling electrical drives is nowadays widely solved with the so-called field oriented 
control (FOC) or vector control. However, the performance will be degraded face to motor parameter 
variations or unknown external disturbances [3]. To offer control robustness with minimum complexity, 
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many strategies such as fuzzy control, adaptive control, sliding mode control and some other methods 
have been proposed to improve the control performance [4-9]. Some nonlinear control methods were 
applied to the speed and flux control of the induction machine. The assumptions of different time 
constants of the loops or a constant rotor flux are not necessary. 
Flatness based tracking controller is a very important tool for nonlinear controller design [10]. The 
flatness property was used to control continuous nonlinear systems with good performances in term of 
tracking trajectory. The flatness-based approach uses the characterization of system dynamics to generate 
a suitable output. Differential flatness has proven to be a very powerful concept for analysis and design of 
open–loop and stabilizing feedback tracking control for nonlinear finite–dimensional systems [11-13].  
The flatness control in an induction motor is an important subject because of the need for improvement 
in operation quality [14]. It, however, is a difficult problem for a conventional approach to achieve since 
the induction motor driving process is a highly nonlinear system in which many uncertain parameters are 
involved. Fuzzy control has adaptive capacity to time lag, nonlinearity and uncertain parameters in 
controlled system [15]. A fuzzy controller for the flatness control is designed in this paper to improve the 
control performance of the induction motor. The paper is organized as follows: Section 2 introduces the 
model of an induction motor. Section 3 describes the flatness based control scheme. Section 4 designs the 
fuzzy controller. Section 5 gives simulation results and some observations and section 6 concludes the 
paper with future scope of work. 
2. Model of induction motor 
The model of a three-phase voltage source inverter-fed squirrel cage induction motor in d-q reference 
frame can be described as [16] 
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The mechanical dynamics may be described by 
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where the subscripts ‘s’ and ‘r’ represent stator and rotor respectively; ‘d’ and ‘q’ stand for d, q axis; ‘i’ 
and ‘u’ denote current and voltage respectively; ‘ψ ’ denotes flux; ‘ω ’ denotes mechanical angular 
velocity; ‘ω  ’ denotes rotor angle, ‘J’ is the rotation inertia; with the definition of the following new 
parameters: rs
2 /-1 LLM=σ , rs2 /-1 LLM=σ , ss2rsr2 // LRLLRM σσγ += , rr / LR=α , 
rs/ LLM σβ = , r2/3 JLpM=μ . 
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The voltage-fed induction machine was shown to be a flat system, the angles of the rotor position and 
of the magnetic field form a flat output, i.e., they completely determine all the variables describing the 
motor [17]. In other words the trajectory of the vector consisting of the flat output determines the state 
trajectory and by that it determines the system behaviours. 
3. Flatness-based control  
A current feedforward controller and a voltage feedforward controller are added to the general vector 
control system. The two feedforward controllers are designed based on the method of flatness input.  The 
controller structure with flatness input is shown in Fig. 1. The flatness based controller generate a flat 
input according to the given output signal and then act on the controlled plant. The structure chart of 
induction motor with fuzzy flatness control is shown in Fig. 2.  
 
 
 
 
 
Fig. 1. Controller structure with flatness input 
 
Fig. 2. Structure chart of an induction motor with fuzzy flatness control 
The two flatness-based feedforward controllers shown in Fig. 2 are designed as  
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4. Designing of a fuzzy controller  
A 2-D fuzzy controller is used in this control system. The inputs of the fuzzy controller are error e  
and its variance ratio ec , and u is the output. The universe of fuzzy sets of  e  and u is {-10,-6,-
3,0,3,6,10}, and the corresponding fuzzy sets is {PB, PM, PS, Z, NS, NM, NB}. The universe of ec is {-
10, -6, -3, 0, 3, 6, 10}, and its fuzzy sets is {N, Z, P}. The fuzzy rules can get by weighted average 
method. The fuzzy control rules are shown in Table. 1.  
Table 1. Fuzzy control rules 
e
 u NB NM NS Z PS PM PB 
ec
N PB PB PM PS Z NS NM
Z PB PM PS Z NS NM NB
P PB PS Z NS NM NB NB
5. Simulation and results 
The main parameters of the induction motor used in the simulation are: rated power .5kW7N =P , 
rated speed min/r1420N =n ,number of pole-pairs p=2, supply frequency Hz50=f . The initial load 
torque exerted on the motor is 5Nm and it turns to 15Nm at 1.5s. Simulation results of flatness based 
control with PI controller and fuzzy flatness control are given in Fig. 3 and Fig. 4 respectively. It can be 
seen that fuzzy flatness control can give better control performance than general flatness control.  
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Fig.3. Simulation results for flatness control 
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Fig.4. Simulation results for fuzzy flatness control 
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6. Conclusions 
Fuzzy logic based flatness control can improve the operation performance of the induction motor 
effectively. This provides an optional method for controlling induction motor drive system. The next 
work will focus on improving the control performance of flatness based control further and implementing 
in a real system. 
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